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INTRODUCTION
Oilfield produced water is generated from the extraction of oil
mixed with groundwater. A separator is used to physically remove
the water from the oil; however, the produced water can contain
residual amounts of oil. Additionally, malfunction of the
separator equipment can cause inefficient separation and result in
higher amounts of oil in the water. The Wyoming Department of
Environmental Quality (WY DEQ) regulates the discharge of produced
waters under the National Pollution Discharge Elimination System
(NPDES) .WY DEQ permits 10 ~g/l of oil in produced water
discharged into regulated waters of the state. Produced water
discharges are not permitted into Class I waters (surface waters
protected from degradation from point source discharges) and semi-
annual bioassays are required for discharges into Class II waters
(streams supporting game fish) .Discharges into Class III (streams
supporting a non-game fisheries) and Class IV (intermittent
streams) waters only require annual water quality analyses.
Lawrence et al. (1994) concluded that the criteria allowing 10 ~g/l
of oil in produced water does not assure protection of aquatic
communities.
The original objectives of the study were: 1) .to determine if
wastewater discharges are contributing potentially adverse
concentrations of contaminants into wetlands providing important
habitat for aquatic birds or threatened and endangered species;
and 2) .assess the practicability of using MICROTOX@ and sediment
pore water bioassay tests for screening potential contaminant
problems. Given the limited amount of funding and staff, we
focused primarily on oilfield produced water discharges as they
have the most potential of all permitted discharges in Wyoming of
contributing adverse concentrations of contaminants into wetlands.
Limited staff and time prevented us from adequately pursuing the
second objective.
1
USFWS -REGION 6 -CONTAMINANTS INFORMATION BULLETIN
STUDY AREA AND METHODS
Oilfield produced water discharges were selected for study if they
had the following characteristics: presence of a visible oil
sheen, tar-like deposits in the soil at the discharge area, and
discharge into a wetland used by aquatic birds. Four general
locations were the focus of this investigation (Figure 1) .
Figure 1. Location of oilfield produced water discharges
sampled during study.
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selected sample sitesSix discharge/wetland complexes were
within these four locations (Table 1) .
as
~ --
Table 1. Dlstance (in meters) of wetlands receiving














Little Laramie -Albany Co.
Four sediment samples were collected at each sample site at
increasing distances from the discharge point. At each site, a
sediment sample was collected from the receiving stream within
three meters downstream of the discharge. Sediment samples were
collected with a chemically-clean stainless-steel spoon, placed in
chemically-clean glass jars with teflon-lined lids and frozen as
soon as possible. Sediment samples were submitted to the
Service's Patuxent Analytical Control Facility (PACF) or designated
contract laboratories for trace element and hydrocarbon analyses.
Trace element analysis included scans for: arsenic, mercury, and
selenium using atomic absorption spectroscopy. Inductively Coupled
Plasma Emission Spectroscopy was used to scan for a variety of
elements including boron, barium, copper, lead, vanadium and zinc.
Sediments from the Natrona and Carbon county sites were analyzed
for trace elements. An extended scan for aromatic hydrocarbons was
conducted on sediment samples from the sites in Albany, Carbon,
Fremont and Natrona counties. Quality assurance and quality
control was provided by PACF. Residues are expressed in ~g/g (ppm)
dry weight unless otherwise specified.
RESULTS AND DISCUSSION
Trace Elements
Trace element concentrations in sediment samples are shown in Table
2. Sediments from a wetland receiving oilfield produced water from
the Arnell oil production site were moderately polluted with nickel
and heavily polluted with zinc. Sediments from a wetland receiving
oilfield produced water from the Mahoney oil production site in
Carbon County were heavily polluted with barium. Sediments from a
wetland receiving oilfield produced water from the UNOCAL
production site in Natrona County were moderately to heavily
polluted with arsenic and barium.
3
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Aliphatic Hydrocarbons
Differentiating petrogenic from biogenic compounds in the
interpretation of hydrocarbon residues in sediments and biota is
important. Petrogenic compounds have approximately equal
proportions of odd- and even-numbered aliphatics (Hall and Coon
1988) .Also, high ratios of pristane and phytane to nC17 and nC~8,
respectively, indicate recent or chronic exposure to petroleum
compounds (Anderson et al. 1978, Farrington et al. 1973, Hall and
Coon 1988) .The Carbon Preference Index (CPI) is also used to
differentiate between oiled and non-oiled matrices (Farrington and
Tripp 1977) .Sediments collected immediately downstream of the
discharges at the Little Laramie and Pilot Butte had almost equal
proportions of odd- and even-numbered aliphatics (Table 3)
suggesting recent or chronic exposure to petroleum compounds. CPI
values for sediments from the discharges at the Little Laramie and
Pilot Butte ranged from 1.08 to 1.22. CPI values less than 3
indicate oiled sediments (Farrington and Tripp 1977) .CPI values
from ponds downstream from the discharges were greater than 3.
Aliphatic hydrocarbon concentrations from sediments are shown in
Table 4.
Aromatic Hydrocarbons
PAR's detected in the sediments from the UNOCAL site included
benzo(a)pyrene, benzo(b)fluoranthene, chrysene, and indeno(1,2,3-
cd)pyrene (Table 5) .Benzo(a)pyrene and chrysene have been shown
to induce embryotoxicity in mallards (Anas platyrhynchos) .Based
on topical applications to eggs, 0.036 x 10-3 ~g benzo(a)pyrene/g
and 0.273 x 10-3 ~g chrysene/g caused deformities, growth
reductions, and mortality (Hoffman and Gay 1981, as cited in Eisler
1987) .In doses of 2.0 mg/kg/egg, benzo(a)pyrene and indeno(1,2,3-
cd)pyrene severely decreased survival while chrysene caused a
significant increase in lesions in embryos from common eider and
domestic chicken, turkey, and duck (Brunstrom et al., 1990) .Levels
of the PAH's (benzo(a)pyrene, benzo(b)fluoranthene, chrysene, and
indeno(1, 2, 3-cd)pyrene) were lower in sediments from the UNOCAL
discharge than in the sediments from the downstream marsh and pond
receiving the effluent. Total hydrocarbons in sediments were
higher at the discharge than in the wetland and lower in the pond
than in the marsh. At the Albany and Fremont county sites total
hydrocarbons and oil and grease were also higher in sediments from
the discharge outfalls than in the receiving wetlands. Sediment
samples from all sites had high concentrations of oil and grease
(Table 6) .
SUMMARY
The limited number of sediment samples at produced water discharge
outfalls show high concentrations of PAR's; however, concentrations
are lower in the receiving wetlands. The Litte Laramie and Pilot
Butte discharges had the highest concentrations of aliphatics,
aromatics and unresolved complex mixtures. Unresolved complex
4
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mixture concentrations are characteristic of petrogenic compounds.
Elevated trace elements found in the sediments included arsenic,
barium, nickel and zinc. These elements, especially barium, are
typically associated with oilfield produced water discharges.
Additional research should be conducted to determine the chronic
effects of oil field produced water discharges on aquatic birds.
The current water quality criteria of 10 ~g/l of oil and grease may
not be adequate to protect wildlife from the chronic effects of
hydrocarbons associated with the discharges. Sediments at the
receiving wetlands at the Arnell and UNOCAL sites released a
yisible sheen when agitated, indicating that they are acting as a
sink for petroleum hydrocarbons. Additionally, soils at the UNOCAL
discharge point were stained with tar-like deposits. A visible
sheen on the water surface could pose a hazard to breeding aquatic
birds. Aquatic birds contacting the oily sheen can pick up
petroleum hydrocarbons on their belly feathers and ultimately
transfer the oil to their eggs when they return to their nest to
incubate (King and Le Fever 1979) .Studies have shown that as
little as 5 ~l of oil on the egg shell can cause embryo mortality
(Leepen 1976, Szaro 1979) .
One promising technique for removing or reducing contaminants from
oil field produced waters involves using constructed wetlands as
filters. Marathon Oil and the Colorado School of Mines have
developed a pilot project at the Pitchfork oil field near Meeteetse,
Wyoming {Colorado School of Mines 1991) .The Pitchfork Pilot
Project has shown promising results in reducing hydrocarbons.
5
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Table 4. Aliphatic hydrocarbon compounds (in ~g/g dry weight) in
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Table 4 (Continued) .Aliphatic hydrocarbon compounds (in ~g/g dry
weight) in sediment from oil field produced water discharges in
Albany, Carbon, Fremont and Natrona counties, Wyoming.Pilot Butte Pilot Butte -
Discharge Discharge
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Table 4 (Continued) .Aliphatic hydrocarbon compounds (in ~g/g dry
weight) in sediment from oilfield produced water discharges in
Albany, Carbon, Fremont and Natrona counties, Wyoming.
-Pilot Butte Pilot Butte Pilot Butte
Pond Pond Pond
COMPOUND Sample 1 Sample 2 Sample 3
n-decane 0.02289 0.025536 <.023481
n-dodecane <.021756 <.022333 <.023481
n-tetradecane <.021756 <.022333 <.023481
n-hexadecane <.021756 0.049728 0.046905
p-octadecane 0.02507 0.066976 0.07381
n-eicosane 0.035534 0.041664 0.05381
n-docosane 0.0327 0.062272 0.083095
n-tetracosane 0.03597 0.078624 0.100714
n-hexacosane 0.061911 0.11536 0.16619
n-octacosane 0.100061 0.114912 0.101667
n-triacontane 0.077389 0.096544 0.112143
n-dotriacontane 0.026814 0.061376 0.071429
n-tetratriacontane 0.024416 0.103712 0.102143
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Table 4 (Continued) .Aliphatic hydrocarbon compounds (in ~g/g dry
weight) in sediment from oil field produced water discharges in
Albany, Carbon, Fremont and Natrona counties, Woming.
UNOCAL UNOCAL
Pond Pond
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Table 5. Aromatic hydrocarbon compounds (in ~g/g dry weight) in
sediment from oil field produced water discharges in Albany, Carbon,


















C1-Fluoranthenes & Pyrenes 0.778485
C1-fluorenes 0.360934
C1-naphthalenes 1.376504










C3-Phenanthrenes & Anthracenes 2.760085
C4-chrysenes 0.721868
C4-naphthalenes 3.085633
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Table 5 (Continued) .Aromatic hydrocarbon compounds (in ~g/g dry
weight) in sediment from oil field produced water discharges in




























Total PAR's 43.94 20.76 1.81
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(Continued) .Aromatic hydrocarbon compounds (in ~glg dry
in sediment from oil field produced water discharges in


















C1-Fluoranthenes & Pyrenes 0.038383
C1-fluorenes <.023275
C1-naphthalenes <.023275










C3-Phenanthrenes & Anthracenes 0.203857
C4-chrysenes 0.030664
C4-naphthalenes 0.106773





































































































(Continued) .Aromatic hydrocarbon compounds (in ~g/g dry
in sediment from oil field produced water discharges in
Carbon, Fremont and Natrona counties, Wyoming.





















Total PAR's 1.96 321.69 116.07
16
USFWS -REGION 6- CONTAMINANTS INFORMATION BULLETIN
Table 5 (Continued) .Aromatic hydrocarbon compounds (in ~g/g dry
weight) in sediment from oilfield produced water discharges in
Albany, Carbon, Fremon; an~ N~~ron~counties, W
Sample ID HEINSD04 PIOFSD01
Little Pilot Butte















C1-Fluoranthenes & Pyrenes 0.945255 1.414579
C1-fluorenes 1.892973 3.731212
C1-naphthalenes <.732603 5.890249










C3-Phenanthrenes & Anthracenes 14.06308 14.835238
C4-chrysenes 1.587267 0.956146
C4-naphthalenes 19.065594 24.436078
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Table 5 (Continued).. Aromatic hydrocarbon compounds (in J.Lg/g dry
weight) in sediment from oil field produced water discharges in
Albany, Carbonl Fremon; an~ N~~ron~counties,
Sample ID HEINSD04 PIOFSD01
Little Pilot Butte
Compound/Site Name Laramie Discharge





Total PAR's 187.70 210.86
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Table 5 (Continued) .Aromatic hydrocarbon compounds (in ~g/g dry
weight) in sediment from oilfield produced water discharges in
Albany, Carbon, Fremon~ an~ Natrona counties, Wyomi
Sample ID PIOFSD02 PIPOSD01
Pilot Butte Pilot Butte















C1-Fluoranthenes & Pyrenes 1.121682 <.021756
C1-fluorenes 1.998331 <.021756
C1-naphthalenes 3.58384 <.021756










C3-Phenanthrenes & Anthracenes 12.120518 0.035948
C4-chrysenes 0.627753 <.021756
C4-naphthalenes 15.347722 <.021756
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Table 5 (Continued) .Aromatic hydrocarbon compounds (in ~g/g dry
weight) in sediment from oilfield produced water discharges in
Albany, Carbon, Fremont and Natrona counties, Wyoming.
Sample ID PIOFSDO2 PIPOSD01
Pilot Butte Pilot Butte
Compound/Site Name Discharge Pond





Total PAR's 148.19 0.21
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Table 5 (Continued) .Aromatic hydrocarbon compounds (in ~g/g dry
weight) in sediment from oilfield produced water discharges in
Albany, Carbon, Fremont and Natrona counties, Wyoming.
Sample ID PIPOSD02 PIPOSD03
Pilot Butte Pilot Butte















C1-Fluoranthenes & Pyrenes <.022333 <.023481
C1-fluorenes <.022333 <.023481
C1-naphthalenes <.022333 0.023786










C3-Phenanthrenes & Anthracenes <.022333 0.04631
C4-chrysenes <.022333 <.023481
C4-naphthalenes <.022333 0.036167










unresolved complex mixture 94.975696 113.571429
Total PAHis 0.13 0.34
.21
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(Continued) .Aromatic hydrocarbon compounds (in ~g/g dry
in sediment from oil field produced water discharges in
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Table 5 (Continued) .Aromatic hydrocarbon compounds (in ~g/g dry
weight) in sediment from oilfield produced water discharges in




1,2, 5, 6-dibenzanthracene <.009577
1,2-benzanthracene <.009577












C1-Fluoranthenes & Pyrenes 0.012032
C1-fluorenes 0.018717
C1-naphthalenes <.009577










C3-Phenanthrenes & Anthracenes 0.093583
C4-chrysenes <.009577
C4-naphthalenes 0.064171
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Table 6. Oil and grease concentrations (in ~g/g dry weight) in




HEINSDO2 Little Lararnie Discharae Albany 196,'3~~.21
HEINSDO3 Little Laramie Discharqe Albany 86,574. ~3
HEINSDO4 Little Laramie Discharge Albany 93,079.45
PIOFSDOl Pilot Butt~Discharge 54,197.29Fremont
PIOFSDO2 Pilot Butt~-~ischarge Fremont 5~L375.94
PIPOSDOl Pond- Pilot Butte Discharqe Fremont 684.24
PIPOSDO2 Pond- Pilot Butte Di Fremont 571.72
PIPOSDO3 Pond- Pilot Butte Di Fremont 673.31
PSPOSDO3 Pond -UNOCAL Discharqe Natrona 3,433.50
PSPOSDO4 Pond -UNOCAL Discharqe Natrona 6, 954 ~Q?-
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